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Executive Summary 
 
On behalf of The Pebble Limited Partnership, care of Pebble Mines Corp., its general 
partner, HCG, Inc., dba. Hoefler Consulting Group is collecting meteorological data to 
support baseline environmental studies, mine design objectives, and Prevention of 
Significant Deterioration (PSD) permitting needs for the Pebble Project. 
 
PSD-quality meteorological monitoring for the Pebble Project began on August 1, 2005.  
This report provides details of the first year of meteorological measurements collected 
from January 1, 2007 through December 31, 2007 at the Pebble 4 station. 
 
Table E-1 and E-2 provide monthly and annual valid data capture hours and the percent 
data capture, respectively, for the Pebble 4 meteorological monitoring station.  The 
Pebble 4 meteorological monitoring station met all PSD requirements during the 
monitoring year with the exception of the vertical temperature difference parameter 
during Quarters C and D.
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Table E-1.  Meteorological Data Capture – Valid Hours per Month 
 

Period 
Meteorological Parameters 

2-m 
Temp 

10-m 
Temp Δ T WS 

(CLM)1 
WD 

(CLM) 
Sigma 
(CLM) 

WS 
(RMY)2

WD 
(RMY) 

Sigma 
(RMY) RH Solar BP Precip Evap3 

January 2007 738 738 738 738 738 738 738 738 738 744 744 744 740 0 

February 2007 672 672 672 672 672 672 672 672 672 672 672 672 670 0 

March 2007 744 744 744 744 744 744 744 744 744 744 744 744 744 0 

April 2007 720 720 720 720 720 720 720 720 720 720 720 720 720 0 

May 2007 744 744 744 744 744 744 744 744 744 744 744 744 741 709 

June 2007 720 720 720 720 720 720 720 720 720 720 720 720 720 720 

July 2007 744 744 744 744 744 744 744 744 744 744 744 744 744 744 

August 2007 744 744 744 744 744 744 744 744 744 744 744 744 744 744 

 September 2007 717 717 157 717 717 717 717 717 717 717 717 717 709 717 

October 2007 744 744 0 744 744 744 744 744 744 744 744 744 741 120 

November 2007 720 720 0 700 720 720 719 719 719 720 720 720 720 0 

December 2007 744 744 0 707 744 744 744 744 744 744 744 744 744 0 

Monitoring Year 8,751 8,751 5,983 8,694 8,751 8,751 8,750 8,750 8,750 8,757 8,757 8,757 8,740 3,754 
1  CLM = Climatronics wind speed and wind direction sensor. 
2  RMY = R.M. Young wind speed and wind direction sensor. 
3  Evaporation gauge decommissioned for winter.  Gauge operated May 2 through October 5, 2007. 
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Table E-2.  Meteorological Data Capture – Percent Data Capture 

Period 
Meteorological Parameters

2-m 
Temp 

10-m 
Temp Δ T WS 

(CLM)1 
WD 

(CLM) 
Sigma
(CLM) 

WS 
(RMY)2 

WD 
(RMY) 

Sigma 
(RMY) RH Solar BP Precip Evap3 

January 2007 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 100% 100% 100% 99.5% 0% 
February 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99.7% 0% 

March 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 
Quarter A 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 100% 100% 100% 99.7% 0% 
April 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 
May 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99.6% 95.3% 
June 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Quarter B 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99.9% 65.4% 
July 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

August 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
September 2007 99.6% 99.6% 21.8% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 98.5% 99.6% 

Quarter C 99.9% 99.9% 74.5% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.5% 99.9% 
October 2007 100% 100% 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 16% 

November 2007 100% 100% 0% 97.2% 100% 100% 99.9% 99.9% 99.9% 100% 100% 100% 100% 0% 
December 2007 100% 100% 0% 95.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 

Quarter D 100% 100% 0% 97.4% 100% 100% 100% 100% 100% 100% 100% 100% 100% 5% 
Monitoring Year 99.9% 99.9% 68.3% 99.2% 99.9% 99.9% 99.9% 99.9% 99.9% 100% 100% 100% 99.8% 99.9% 

1  CLM = Climatronics wind speed and wind direction sensor. 
2  RMY = R.M. Young wind speed and wind direction sensor. 
3  Evaporation  gauge decommissioned for winter.  Gauge operated May 2 through October 5, 2007 

4  The Climatronics wind speed sensor was affected by icing during Quarter D.  The R.M. Young wind speed sensor will be used to achieve the required data 
capture requirement of 90 percent or greater per monitoring quarter. 
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1.0 Introduction 

1.1 Project Summary 
 
On behalf of the Pebble Limited Partnership, care of Pebble Mines Corp., its general 
partner, HCG, Inc., dba. Hoefler Consulting Group is collecting meteorological data to 
support baseline environmental studies, mine design objectives, and future Prevention of 
Significant Deterioration (PSD) permitting needs for the Pebble Project, an initiative to 
develop and operate an open-pit gold, copper, molybdenum, and silver mine in the 
Bristol Bay region of southwest Alaska.  This project currently consists of three PSD-
quality meteorological monitoring stations located at the proposed mill site (Pebble 1), 
the tailings storage facility (Pebble 4), and possible shipping site (Pebble Port).  An 
additional, non-PSD meteorological monitoring station (Pebble 3) is being used for 
engineering and mine design purposes.  This report focuses on the first year of 
measurements collected at the Pebble 4 station from January 1, 2007 through 
December 31, 2007.  A separate annual data report has been prepared  for each of the 
Pebble Port and Pebble 1 stations.   
 
Figure 1-1 is a map of the Pebble Project meteorological monitoring sites located in 
southwest Alaska.  Figures 1-2 and 1-3 provide a higher resolution map and a site 
photo, respectively, of the Pebble 4 station. 
 
The Pebble 4 station collects data for the following parameters: 
 

• Air temperature, two meters above ground (degrees Celsius [°C]) 
• Air temperature, ten meters above ground (degrees Celsius [°C]) 
• Vertical temperature difference (ΔT, “Delta T” (degrees Celsius [°C])) 
• Wind speed (meters per second [m/s]) 
• Wind direction (degrees [°]) 
• Wind direction standard deviation (wind sigma [σθ]) 
• Relative humidity (percent [%]) 
• Solar radiation (Watts per square meter [W/m2]) 
• Barometric Pressure (millibar [mb]). 
• Precipitation (millimeters [mm]) 
• Evaporation (millimeters [mm]) 

 
Measurements of these parameters will provide at least one year of representative 
surface observations for use in air dispersion modeling and PSD permitting needs. 



Hoefler Consulting Group 
 
 

Pebble Project Page 5 of 44 2007 Annual Data Report 
Meteorological Monitoring Program  Pebble 4 

1.2 Measurements Method Table 
 
Table 1-1 lists each parameter measured at the Pebble 4 station and includes the 
sensor manufacturer and model number, measurement range, accuracy, sampling 
frequency, and sample averaging period.  All instruments meet or exceed the U.S. 
Environmental Protection Agency (EPA) PSD requirements for range accuracies, 
thresholds, response times, resolutions, damping ratios, and other measures of 
instrument performance.  For this project, wind speed and wind direction measurements 
are collected using two different types of PSD-quality sensors collocated at 10-meters 
above ground level.  The Climatronics F460 (CLM) features a three-cup anemometer 
and separate wind vane, while the RM Young 05305-AQ (RMY) is a propeller-vane 
anemometer, which is a single unit consisting of a four-blade propeller fitted to the front 
end of a wind vane.  Dual wind sensors are deployed at the Pebble 4 station to prevent 
the loss of valid data in the event that one of the sensors is damaged or subjected to 
inclement weather conditions.  Because the manufacturers’ stated wind speed accuracy, 
wind direction accuracy, and wind speed threshold values of the CLM sensor exceed 
those of the RMY sensor, the CLM sensor has been designated as the “primary” wind 
instrument at the Pebble 4 PSD station. 
 

1.3 Variations from the Quality Assurance Project Plan 
 
During the first monitoring year, there were no variations from the Pebble Project 
Meteorological Monitoring Quality Assurance Project Plan (QAPP).   
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Table 1-1.  Meteorological Measurement Methods 
 

Parameter Sensor Manufacturer/
Model Number 

Measurement Method Range Accuracy Sampling 
Frequency

Averaging 
Period

Ambient 
Temperature 

Met One, Inc. 
Model 062 MP 

Solid state thermistor +50°C to -50°C ± 0.05°C 1 second 1 hour 

Wind 
Speed1 

Climatronics, Inc. 
F460 (P/N 100075) 

Three-cup anemometer, 
LED photo chopper 

0 to 65 m/s 
± 0.15 m/s 

or 1% 1 second 1 hour 

Wind 
Direction1 

Climatronics, Inc. 
F460 (P/N 100076) 

Light-weight vane, 
Low torque potentiometer 

0 to 360° ± 2° 1 second 1 hour 

Wind 
Speed1 

RM Young Co. 
05305-AQ 

Propeller, magnetically induced 
AC sine wave 

0 to 60 m/s 
± 0.3 m/s 

or 1% 1 second 1 hour 

Wind 
Direction1 

RM Young Co. 
05305-AQ 

Light-weight vane, 
Low torque potentiometer 

0 to 360° ± 3° 1 second 1 hour 

Relative 
Humidity 

Vaisala, Inc. 
HMP 45C 

Capacitive polymer chip 0.8 to 100% ± 2% 1 second 1 hour 

Solar 
Radiation 

LI-COR, Inc. 
LI200X 

Silicon photovoltaic detector 
0 to 3,000 W/m2 

(400 to 1,100 nm) 
± 5% 1 second 1 hour 

Barometric 
Pressure 

Vaisala, Inc. 
PTB 101B 

Silicon capacitive sensor 600 to 1060 mb ± 0.5 mb 1 hour2 N/A2 

Precipitation Met One Tipping bucket mechanism 0 to76.2mm/hr ± 1% N/A3 N/A3 

Evaporation Nova Lynx 255-100 
Change in pressure head 

determined by float mechanism 
3  to 10 in 

± 0.25% 
over 10 in 

range 
1 second 1 minute 

1  Wind speed and wind direction measurements are collected using two different types of PSD-quality sensors. 
2  Instantaneous barometric pressure measurements are collected for 1 second during every hour. 
3  Instantaneous precipitation measurements are collected by the datalogger and subsequently summed on an hourly basis. 
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Figure 1-1.  Map of the Pebble Project Area 
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Figure 1-2.  Map of the Pebble 4 Station 
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Figure 1-3.  Pebble 4 Meteorological Monitoring Station 
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2.0 Station Performance Summary 

2.1 Significant Project Events 
 
Table 2-1 summarizes the significant events that occurred at the Pebble 4 station 
relevant to the 2007 meteorological monitoring  year. 
 
 

Table 2-1.  Chronology of Significant Events 
 

Date Event 

January 1, 2007 Beginning of 2007 monitoring year. 

January 18, 2007 Full audit performed (all sensors passed), refreshed 
Metone precipitation gauge snowfall adapter. 

March 22, 2007 Replaced aspirator control relay, uploaded new datalogger 
program, temporary repair of fence. 

May 2, 2007 
Calibrated and refreshed precipitation gauge, calibrated 
and started evaporation gauge, repaired evaporation fence, 
cleaned station and tightened guy wires. 

Sept. 5-7, 2007 Station audit performed.  Upgraded DAS to CR1000.  
Climatronics and RM Young wind instruments replaced. 

October 18, 2007 Evaporation gauge decommissioned for winter.  Valid 
evaporation data ends October 5, 2007.  

November 7, 2007 Started Thermo-Electric Generator.   

November 23-24, 2007 Climatronics wind speed sensor frozen.  20 Hours of wind 
speed data invalidated. 

December 6-8, 2007 Climatronics wind speed sensor frozen.  39 Hours of wind 
speed data invalidated. 

December 31, 2007 End of 2007 monitoring year. 

February 12-13, 2008 

Annual Performance audit conducted.  Vertical temperature 
difference parameter failed audit.  Data invalidated to date 
of last audit.  Both 2-meter and 10-meter thermistors 
replaced and an as-left audit conducted.   



Hoefler Consulting Group   

Pebble Project Page 11 of 44 2007 Annual Data Report 
Meteorological Monitoring Program  Pebble 4 

2.2 Missing, Invalid, and Adjusted Data 
 
The data for the Pebble 4 station were carefully reviewed during the quality assurance 
process.  Some data were removed as a result of planned site activities, including data 
collected during station system and performance audits and calibrations.   
 
All data were validated only after being screened by the criteria listed in Table 8-4 of 
Meteorological Monitoring Guidance for Regulatory Modeling Applications 
(EPA-454/R-99-005).  Table 2-2 lists the quantities of data that were flagged according 
to EPA criteria, yet not removed from the refined final data set.  All flagged data were 
carefully examined, but generally remained in the reduced data unless dictated by 
certain circumstances, including values outside the normal range of variation, 
consecutive repetitive values recorded for an unidentified reason, maintenance activity 
at the site, and impairing damage to sensors. 

2.3 Network Data Completeness 
 
Data completeness is a measure of the amount of data actually collected compared to 
the amount of data that could have been collected.  Data completeness was calculated 
by dividing the number of valid hours of data by the total number of hours during the 
monitoring period.  The data quality objective (DQO) for data completeness for the 
Pebble Project Meteorological Monitoring Program is 90 percent data capture per 
quarter for each parameter listed in Section 1.1.  Table 2-3 provides a summary of data 
completeness, in terms of a percentage, for the 2007 monitoring year at the Pebble 4 
station.
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Table 2-2.  Percentage of Final Data Set Flagged 

Parameter Flagging Criteria1 
Percent 
Flagged 

Wind Speed 
(Climatronics) 

Value is < 0 m/s 0.0% 
Value is > 25 m/s 1.3% 
< 0.1 m/s variation for 3 consecutive hours 0.7% 
<0.5 m/s variation for 12 consecutive hours 0.0% 

Wind Direction 
(Climatronics) 

Value is < 0°, > 360° 0.0% 
<1° variation over 3 consecutive hours 1.8% 
< 10° variation over 18 consecutive hours 0.7% 

Wind Speed 
(RM Young) 

Value is < 0 m/s 0.0% 
Value is > 25 m/s 0.5% 
< 0.1 m/s variation for 3 consecutive hours 0.6% 
<0.5 m/s variation for 12 consecutive hours 0.0% 

Wind Direction 
(RM Young) 

Value is < 0°, > 360° 0.0% 
<1° variation over 3 consecutive hours 1.8% 
< 10° variation over 18 consecutive hours 0.7% 

Temperature 
(2 meters) 

> 5°C variation from previous hour 0.0% 
< 0.5°C variation for 12 consecutive hours 1.3% 
Value is > record high, < record low 0.0% 

Temperature 
(10 meters) 

> 5°C variation from previous hour 0.0% 
< 0.5°C variation for 12 consecutive hours 1.3% 
Value is > record high, < record low 0.0% 

Temperature 
Difference, ΔT 

Value is > 0.8°C during the daytime 0.3% 
Value is < -0.8°C during the night 0.0% 
Value is > 5°C, < -3°C 0.0% 

Relative Humidity 
(Dew Point 
Temperature)2 

Value is > ambient temperature 0.0% 
> 5°C variation from previous hour 0.0% 
< 0.5°C variation for 12 consecutive hours 1.3% 
Equals ambient temperature for 12 consecutive hours 1.9% 

Solar Radiation 
> 0 W/m2 at night 0.0% 
Greater than the maximum possible value for date 0.0% 

Barometric 
Pressure 

> 1060 mb (sea level) 0.0% 
< 940 mb (sea level) 3.7% 
> 6 mb variation for 3 consecutive hours 0.1% 

Precipitation 
> 25 mm in one hour 0.0% 
> 100 mm in 24 hours 0.0% 
< 50 mm in one month 49.4% 

1  Based upon Table 8-4: Suggested Data Screening Criteria in Meteorological Monitoring Guidance for 
Regulatory Modeling Applications (EPA-454/R-99-005). 

2  Guidance document provides criteria relative to dew point temperature. 
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Table 2-3.  Pebble 4 Station Percent Data Capture.  

Period 
Meteorological Parameters

2-m 
Temp 

10-m 
Temp Δ T WS 

(CLM)1 
WD 

(CLM) 
Sigma
(CLM) 

WS 
(RMY)2 

WD 
(RMY) 

Sigma 
(RMY) RH Solar BP Precip Evap 

January 2007 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 100% 100% 100% 99.5% 0% 
February 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99.7% 0% 

March 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 
Quarter A 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 100% 100% 100% 99.7% 0% 
April 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 
May 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99.6% 95.3% 
June 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Quarter B 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99.9% 65.4% 
July 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

August 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
September 2007 99.6% 99.6% 21.8% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 98.5% 99.6% 

Quarter C 99.9% 99.9% 74.5% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.5% 99.9% 
October 2007 100% 100% 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 16% 

November 2007 100% 100% 0% 97.2% 100% 100% 99.9% 99.9% 99.9% 100% 100% 100% 100% 0% 
December 2007 100% 100% 0% 95.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 

Quarter D 100% 100% 0% 97.4% 100% 100% 100% 100% 100% 100% 100% 100% 100% 5% 
Monitoring Year 99.9% 99.9% 68.3% 99.2% 99.9% 99.9% 99.9% 99.9% 99.9% 100% 100% 100% 99.8% 99.9% 

1  CLM = Climatronics wind speed and wind direction sensor. 
2  RMY = R.M. Young wind speed and wind direction sensor. 
3  Evporation gauge decommissioned for winter.   Gauge operational from May 2 through October 5, 2007. 
4  The Climatronics wind speed sensor was affected by icing during Quarter D.  The R.M. Young wind speed sensor will be used to achieve the required data                    
   capture requirement of 90 percent or greater per monitoring quarter.
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2.4 Precision Statistics 

2.4.1 Monitoring Network Precision Statistics 
 
Not applicable. 

2.4.2 Analytical Laboratory Precision Statistics 
 
Not applicable. 

2.4.3 Analytical Laboratory Precision Statistics for Lead Analysis of 
Particulate Samples 

 
Not applicable. 

2.5 Accuracy Statistics 

2.5.1 Instrument Calibration Statistics 
 
Not applicable. 

2.5.2 Independent Quality Assurance Audits 
 
A preliminary systems and performance audit was conducted at the Pebble 4 station on 
July 12, 2006, all sensors passed. The results of the initial systems and performance 
audit are presented in Table 2-4. 
 
A semiannual performance audit was conducted at the Pebble 4 station primarily on 
January 18, 2007. The evaporation pan and tipping bucket precipitation gauge were 
audited prior to winterization on October 11, 2006. The results of these performance 
audits are presented in Table 2-5 and Table 2-6.   
 
An annual performance audit was conducted at the Pebble 4 station September 5 
through September 6, 2007, all sensors passed. A second audit was performed on all 
station sensors from September 6 through September 7, 2007 to check sensor operation 
after replacing the CR10X data logger with a CR1000 data logger, all sensors passed.   
The results of these performance audits are presented in Table 2-7 and Table 2.8.   
 
On February 12 through 13, 2008 an annual performance audit was conducted at 
Pebble 4.  All sensors passed with the exception of the vertical temperature difference 
parameter.  Both the 2-meter and 10-meter temperature thermistors were replaced and 
an as-left audit was conducted.  Vertical temperature difference data was invalidated 
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from the date of the last audit on September 7, 2007.  The results of this performance 
audit are presented in Table 2-9.   
 
The performance audit involves reading the data acquisition system (DAS) output for 
each meteorological sensor and comparing the value with the input from appropriate 
audit equipment or from calibrated instruments collocated with the sensor.  For each 
reading, the difference between the station value and the predicted value is compared 
with established PSD limits to assess the accuracy of the sensor.   
 
During each of these audits, the power supply, DAS, communications system, and 
audited sensors all worked properly.  A technical systems audit was performed during 
the September 5 and 6, 2007, audit and found that the station is well-planned, equipped 
with PSD quality equipment, and properly sited according to criteria recommended by 
EPA.  The operator provided adequate manuals for system maintenance and proper 
documentation to report operation and quality control activities.  The operator was 
knowledgeable and competent with all meteorological equipment, communications 
equipment, and the power supply system.   
 
Appendix C contains all of the complete technical systems and performance audit 
reports. 
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Table 2-4.  July 12, 2006 Performance Audit Summary 
 

Parameter Limit Units Max Err Status 

Datalogger Time ≤ ±5:00 Min:Sec -0:02 Pass 
2-m Temperature Accuracy ≤ ±0.5 °C 0.32 Pass 
10-m Temperature Accuracy ≤ ±0.5 °C 0.32 Pass 
Air Temperature Difference ≤ ±0.1 °C 0.00 Pass 
Relative Humidity (dew point)  ≤ ±1.5 °C 0.3 Pass 

Climatronics Wind System 

Wind Speed Torque ≤ 0.0049 oz-in <0.003 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 
Wind Direction Torque ≤ 0.104 oz-in 0.030 Pass 

Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree 2.5 Pass 

Wind Direction Accuracy ≤ ±5 Degree 4.7 Pass 
Wind Direction Linearity ≤ 3 Degree 2.7 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree 4.0 Pass 
RM Young Wind System 

Wind Speed Torque ≤ 0.014 oz-in 0.010 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 
Wind Direction Torque ≤ 11 g-cm 4.0 Pass 

Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree 3.1 Pass 

Wind Direction Accuracy ≤ ±5 Degree 2.3 Pass 
Wind Direction Linearity ≤ 3 Degree 1.1 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree 3.4 Pass 
Barometric Pressure ≤ ±3 Mbar 1.3 Pass 
Solar Radiation ≤ ±5+Res % input -3.9 Pass 
Tipping Precipitation ≤ ±10 % input 3.6 Pass 
Evaporation ≤ ±10 % input 2.4 Pass 
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Table 2-5.  October 11, 2006 Supplemental Performance Audit Summary1 

Parameter Limit Units Max Err Status 

Tipping Precipitation ≤ ±10 % input 2.0 Pass 
Evaporation ≤ ±10 % input 2.5 Pass 

1Gauges audited prior to winterizing. 
 

Table 2-6.  January 18, 2007 Performance Audit Summary 
Parameter Limit Units Max Err Status 

Datalogger Time ≤ ±5:00 Min:Sec 0:05 Pass 
2-m Temperature Accuracy ≤ ±0.5 °C 0.29 Pass 
10-m Temperature Accuracy ≤ ±0.5 °C 0.29 Pass 
Air Temperature Difference ≤ ±0.1 °C 0.00 Pass 
Relative Humidity (dew point)  ≤ ±1.5 °C 0.4 Pass 

Climatronics Wind System 

Wind Speed Torque ≤ 0.0049 oz-in <0.003 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 
Wind Direction Torque ≤ 0.104 oz-in 0.040 Pass 

Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree 4.1 Pass 

Wind Direction Accuracy ≤ ±5 Degree 2.2 Pass 
Wind Direction Linearity ≤ 3 Degree 1.0 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree 1.6 Pass 
RM Young Wind System 

Wind Speed Torque ≤ 0.014 oz-in 0.007 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 
Wind Direction Torque ≤ 11 g-cm 8.0 Pass 

Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree -3.9 Pass 

Wind Direction Accuracy ≤ ±5 Degree 2.8 Pass 
Wind Direction Linearity ≤ 3 Degree 1.3 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree -3.5 Pass 
Barometric Pressure ≤ ±3 Mbar 1.3 Pass 
Solar Radiation ≤ ±5+Res % input -6.81 Pass 
Tipping Precipitation ≤ ±10 % input -8.5 Pass 

1Max percent error value of 6.8 within limit of 5% input + resolution, see audit. 
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Table 2-7.  September 5-6, 2007 Performance Audit Summary (CR10X) 
 

Parameter Limit Units Max Err Status 

Datalogger Time ≤ ±5:00 Min:Sec -0:24 Pass 
2-m Temperature Accuracy ≤ ±0.5 °C 0.12 Pass 
10-m Temperature Accuracy ≤ ±0.5 °C 0.12 Pass 
Air Temperature Difference ≤ ±0.1 °C 0.05 Pass 
Relative Humidity (dew point)  ≤ ±1.5 °C 1.0 Pass 

Climatronics Wind System 

Wind Speed Torque ≤ 0.0049 oz-in <0.003 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 
Wind Direction Torque ≤ 0.104 oz-in 0.060 Pass 

Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree 4.3 Pass 

Wind Direction Accuracy ≤ ±5 Degree 2.4 Pass 
Wind Direction Linearity ≤ 3 Degree 1.1 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree N/A1 N/A 
RM Young Wind System 

Wind Speed Torque ≤ 0.014 oz-in 0.008 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 
 Wind Direction Torque ≤ 11 g-cm 10.0 Pass 

Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree 4.5 Pass 

Wind Direction Accuracy ≤ ±5 Degree 3.5 Pass 
Wind Direction Linearity ≤ 3 Degree 1.5 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree N/A1 N/A 
Barometric Pressure ≤ ±3 Mbar 1.8 Pass 
Solar Radiation ≤ ±5+Res % input -10.02 Pass 
Tipping Precipitation ≤ ±10 % input -4.0 Pass 
Evaporation ≤ ±10 % input 2.0 Pass 

1Not re-tested until after DAS/sensor change. 
2Max percent error value of 10.0 within limit of 5% input + resolution, see audit. 
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 Table 2-8.  September 6-7, 2007 Performance Audit Summary (CR1000) 
 

Parameter Limit Units Max Err Status 

Datalogger Time ≤ ±5:00 Min:Sec -0:22 Pass 
2-m Temperature Accuracy ≤ ±0.5 °C 0.17 Pass 
10-m Temperature Accuracy ≤ ±0.5 °C 0.17 Pass 
Air Temperature Difference ≤ ±0.1 °C 0.03 Pass 
Relative Humidity (dew point)  ≤ ±1.5 °C 0.6 Pass 

Climatronics Wind System 

Wind Speed Torque ≤ 0.0049 oz-in <0.003 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 
Wind Direction Torque ≤ 0.104 oz-in 0.070 Pass 

Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree N/A1 N/A 

Wind Direction Accuracy ≤ ±5 Degree 1.7 Pass 
Wind Direction Linearity ≤ 3 Degree 0.8 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree -3.3 Pass 
RM Young Wind System 

Wind Speed Torque ≤ 0.014 oz-in 0.007 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 
Wind Direction Torque ≤ 11 g-cm 7.0 Pass 

Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree N/A1 N/A 

Wind Direction Accuracy ≤ ±5 Degree 2.1 Pass 
Wind Direction Linearity ≤ 3 Degree 0.7 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree -4.3 Pass 
Barometric Pressure ≤ ±3 Mbar 1.8 Pass 
Solar Radiation ≤ ±5+Res % input -8.12 Pass 
Tipping Precipitation ≤ ±10 % input 3.0 Pass 
Evaporation ≤ ±10 % input 2.4 Pass 

1New DAS/sensor, no as-found value. 
2Max percent error value of 8.1 within limit of 5% input + resolution, see audit. 
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Table 2-9.  February 12-13, 2008 Performance Audit Summary  
 

Parameter Limit Units Max Err Status 

Datalogger Time ≤ ±5:00 Min:Sec -0:36 Pass 
2-m Temperature Accuracy (old) ≤ ±0.5 °C 0.40 Pass 

10-m Temperature Accuracy (old) ≤ ±0.5 °C 0.20 Pass 
Air Temperature Difference (old) ≤ ±0.1 °C 0.25 Fail 

2-m Temperature Accuracy (new)1 ≤ ±0.5 °C 0.15 Pass 
10-m Temperature Accuracy (new) 1 ≤ ±0.5 °C 0.15 Pass 
Air Temperature Difference (new) 1 ≤ ±0.1 °C 0.00 Pass 

Relative Humidity (dew point) ≤ ±1.5 °C 1.0 Pass 
Climatronics Wind System 

Wind Speed Torque ≤ 0.0049 oz-in <0.003 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 

Wind Direction Torque ≤ 0.104 oz-in 0.060 Pass 
Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree 3.8 Pass 

Wind Direction Accuracy ≤ ±5 Degree 1.8 Pass 
Wind Direction Linearity ≤ 3 Degree 0.7 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree 3.4 Pass 
RM Young Wind System 

Wind Speed Torque ≤ 0.014 oz-in 0.004 Pass 
Low Wind Spd. Accuracy (≤5m/s) ≤ ±0.2 m/s 0.00 Pass 
High Wind Spd. Accuracy (>5m/s) ≤ ±5 % input 0.0 Pass 

Wind Direction Torque ≤ 11 g-cm 9.0 Pass 
Wind Dir. Azim. Align. (as-found) ≤ ±5 Degree -3.5 Pass 

Wind Direction Accuracy ≤ ±5 Degree 1.3 Pass 
Wind Direction Linearity ≤ 3 Degree 0.7 Pass 

Wind Dir. Azim. Align. (as-left) ≤ ±5 Degree -3.4 Pass 
Barometric Pressure ≤ ±3 Mbar 0.4 Pass 

Solar Radiation ≤ ±5+Res % input -6.52 Pass 
Tipping Precipitation ≤ ±10 % input -5.0 Pass 

1As left audit after thermistor replacement.   
2 Max percent error value of 6.5 within limit of 5% input + resolution, see audit.   
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3.0 Monitoring Data Network Summary 

3.1 Air Quality Data Summary 
 
Not applicable. 

3.2 Meteorological Data Summary 

3.2.1 Wind Speed (WS) and Wind Direction (WD) Climatology 
 
Table 3-1 provides a statistical summary of Climatronics (CLM) and RM Young (RMY) 
wind speed measurements during the 2007 year of meteorological monitoring at the 
Pebble 4 station.  The mean hourly average wind speed during the monitoring year was 
8.29 m/s and 7.99 m/s for the CLM and RMY sensors, respectively.  Maximum hourly 
average wind speeds of 37.57 m/s and 32.14 m/s were measured by the CLM and RMY 
sensors, respectively, on March 6, 2007.  Table 3-2 provides the mean and maximum 
daily wind speeds at the Iliamna Airport, located approximately 20 km from the Pebble 4 
station.  During the monitoring year the mean daily average wind speed at the Iliamna 
airport was 3.95 m/s, while the maximum daily average wind speed was 17.88 m/s, 
recorded on December 9, 2007. 
 

Table 3-1.  Average and Maximum Wind Speeds at Pebble 4 Station 
 

Monitoring 
Period 

Mean Hourly 
Average Wind 
Speed (m/s) 

(CLM) 

Mean Hourly 
Average Wind 
Speed (m/s) 

(RMY) 

Maximum Hourly 
Average Wind 
Speed (m/s) 

(CLM) 

Maximum Hourly 
Average Wind 
Speeds (m/s) 

(RMY) 

Quarter A 10.29 9.55 37.57 32.14 

Quarter B 6.74 6.64 29.98 27.20 

Quarter C 6.32 6.20 25.26 23.87 

Quarter D 9.90 9.58 33.32 31.82 

Monitoring 
Year 8.29 7.99 37.57 32.14 
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Table 3-2.  Average and Maximum Wind Speeds at Iliamna 
 

Monitoring 
Period 

Mean Hourly 
Average Wind 
Speed (m/s) 

Maximum Hourly 
Average Wind 
Speed (m/s) 

Quarter A 4.15 17.43 

Quarter B 2.98 16.99 

Quarter C 3.20 15.20 

Quarter D 5.49 17.88 

Monitoring 
Year 3.95 17.88 

 
Figure 3-1 provides wind roses for the CLM and RMY wind instruments during the 2007 
monitoring year.  Winds were predominantly from the north, east, and southeast, with 
other minor wind components.  Figures 3-2 and 3-3 present the quarterly wind roses for 
the CLM and RMY sensors, respectively.  Quarters A and D are characterized by a 
major wind component from the north, with Quarter D also exhibiting a component from 
the east.  Quarters B and C are characterized with a major component from the 
southeast and minor wind components the east and other directions.  The Quarter A and 
Quarter D wind roses indicate a lack of southwesterly winds during this period.  Tables 
3-3 through 3-7 are the annual and quarterly wind analysis tables for the Climatronics 
wind measurements.  Tables 3-8 through 3-12 are the annual and quarterly wind 
analysis tables for the RM Young wind measurements. 
 
Figure 3-4 shows the 2007 monitoring year wind rose (derived from the Climatronics 
wind sensor measurements) superimposed over a map of the meteorological station and 
vicinity.  The wind rose in Figure 3-4 is centered over the location of the Pebble 4 
station. 
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Figure 3-1.  2007 Pebble 4 Station Wind Roses 
 

Climatronics 

 

RM Young 
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Figure 3-2.  Quarterly Pebble 4 Station Wind Roses (Climatronics) 
 

Quarter A (1/1/07 – 3/31/07) 

 

Quarter B (4/1/07 – 6/30/07) 

 

  
Quarter C (7/1/07 – 9/30/07) Quarter D (10/1/07 – 12/31/07) 
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Figure 3-3.  Quarterly Pebble 4 Station Wind Roses (RM Young) 
 

Quarter A (1/1/07 – 3/31/07) Quarter B (4/1/07 – 6/30/07) 

  
Quarter C (7/1/07 – 9/30/07) 

 

Quarter D (10/1/07 – 12/31/07) 
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Table 3-3.  2007 Annual Wind Rose Analysis Table (Climatronics) 

 
Station ID: Pebble 4 (Climatronics) Run ID: 2007
Start Date: January 1, 2007 End Date: December 31, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 1.13% 2.63% 4.88% 5.61% 3.67% 8.42% 26.34%
NE 1.08% 2.36% 1.68% 1.69% 0.84% 0.84% 8.49%
E 0.78% 0.98% 1.77% 3.39% 2.90% 7.36% 17.18%

SE 1.68% 3.08% 4.64% 5.31% 3.45% 6.71% 24.87%
S 0.95% 1.10% 1.48% 0.74% 0.07% 0.06% 4.41%

SW 1.09% 0.77% 1.27% 1.53% 0.47% 0.43% 5.56%
W 1.21% 1.51% 2.04% 1.45% 0.29% 0.02% 6.51%

NW 0.90% 0.60% 0.83% 1.87% 0.94% 1.40% 6.54%

Sub-Total: 8.82% 13.03% 18.58% 21.60% 12.63% 25.24% 99.90%
Calms (<0.5m/s): 0.10%
Total: 100.00%

(Percent)

Speed (m/s)

Frequency Distribution
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Table 3-4.  Quarter A Wind Rose Analysis Table (Climatronics) 
 

Station ID: Pebble 4 (Climatronics) Run ID: Quarter A
Start Date: January 1, 2007 End Date: March 31, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 0.84% 2.46% 5.43% 9.52% 7.90% 21.04% 47.19%
NE 1.86% 3.58% 2.14% 2.97% 0.98% 1.44% 12.96%
E 0.79% 0.88% 0.98% 1.25% 1.77% 5.81% 11.47%

SE 1.67% 2.00% 1.49% 2.23% 2.37% 8.55% 18.30%
S 1.07% 0.14% 0.19% 0.00% 0.00% 0.09% 1.49%

SW 0.79% 0.05% 0.05% 0.46% 0.28% 0.46% 2.09%
W 1.07% 0.37% 0.60% 0.42% 0.05% 0.00% 2.51%

NW 0.51% 0.19% 0.33% 1.39% 0.84% 0.74% 3.99%

Sub-Total: 8.59% 9.66% 11.19% 18.25% 14.17% 38.13% 100.00%
Calms (<0.5m/s): 0.00%
Total: 100.00%

Frequency Distribution
(Percent)

Speed (m/s)

 
 

Table 3-5.  Quarter B Wind Rose Analysis Table (Climatronics) 
 
Station ID: Pebble 4 (Climatronics) Run ID: Quarter B
Start Date: April 1, 2007 End Date: June 30, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 1.33% 2.84% 2.88% 2.98% 2.11% 1.37% 13.51%
NE 1.01% 1.10% 1.14% 1.37% 0.96% 1.28% 6.87%
E 0.78% 1.37% 3.02% 5.68% 3.62% 5.45% 19.92%

SE 2.24% 4.21% 7.05% 9.48% 5.68% 6.00% 34.66%
S 0.92% 1.83% 2.47% 0.50% 0.05% 0.00% 5.77%

SW 1.42% 1.05% 1.74% 1.37% 0.27% 0.05% 5.91%
W 1.33% 2.20% 3.57% 1.56% 0.23% 0.05% 8.93%

NW 1.14% 0.78% 0.96% 1.01% 0.37% 0.14% 4.40%

Sub-Total: 10.16% 15.38% 22.85% 23.95% 13.28% 14.33% 99.95%
Calms (<0.5m/s): 0.04%
Total: 100.00%

Frequency Distribution
(Percent)

Speed (m/s)
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Table 3-6.  Quarter C Wind Rose Analysis Table (Climatronics) 
 

Station ID: Pebble 4 (Climatronics) Run ID: Quarter C
Start Date: July 1, 2007 End Date: September 30, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 1.22% 2.40% 3.85% 3.40% 1.72% 0.82% 13.42%
NE 0.77% 2.04% 1.50% 1.00% 0.41% 0.00% 5.71%
E 0.73% 1.22% 1.27% 2.27% 1.27% 4.44% 11.20%

SE 1.86% 5.12% 8.20% 7.34% 3.40% 5.53% 31.46%
S 1.41% 1.95% 2.63% 1.95% 0.00% 0.00% 7.93%

SW 1.63% 1.68% 2.54% 3.26% 1.09% 1.04% 11.24%
W 1.72% 2.99% 3.40% 3.26% 0.45% 0.05% 11.88%

NW 1.00% 0.63% 1.36% 2.31% 1.04% 0.77% 7.12%

Sub-Total: 10.34% 18.04% 24.75% 24.80% 9.38% 12.65% 99.95%
Calms (<0.5m/s): 0.04%
Total: 100.00%

Frequency Distribution
(Percent)

Speed (m/s)

 
 

Table 3-7.  Quarter D Wind Rose Analysis Table (Climatronics) 
 

Station ID: Pebble 4 (Climatronics) Run ID: Quarter D
Start Date: October 1, 2007 End Date: December 31, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 1.12% 2.84% 7.39% 6.65% 3.02% 10.74% 31.75%
NE 0.70% 2.74% 1.95% 1.44% 1.02% 0.65% 8.51%
E 0.84% 0.42% 1.81% 4.37% 4.97% 13.85% 26.27%

SE 0.93% 0.93% 1.67% 2.09% 2.32% 6.79% 14.74%
S 0.42% 0.46% 0.60% 0.46% 0.23% 0.14% 2.32%

SW 0.51% 0.28% 0.70% 0.98% 0.23% 0.14% 2.84%
W 0.70% 0.42% 0.51% 0.51% 0.42% 0.00% 2.56%

NW 0.93% 0.79% 0.65% 2.79% 1.53% 4.00% 10.69%

Sub-Total: 6.14% 8.88% 15.30% 19.29% 13.76% 36.31% 99.67%
Calms (<0.5m/s): 0.32%
Total: 100.00%

Frequency Distribution
(Percent)

Speed (m/s)
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Table 3-8.  2007 Annual Wind Rose Analysis Table (RM Young) 

 
 

Station ID: Pebble 4 (RM Young) Run ID: 2007
Start Date: January 1, 2007 End Date: December 31, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 1.26% 2.99% 4.97% 6.16% 3.53% 7.25% 26.16%
NE 1.02% 2.01% 1.53% 1.57% 0.79% 0.82% 7.74%
E 0.91% 1.04% 1.94% 4.06% 3.34% 9.13% 20.42%

SE 1.66% 3.05% 4.35% 4.96% 3.17% 4.73% 21.92%
S 0.99% 1.03% 1.33% 0.79% 0.08% 0.07% 4.29%

SW 1.20% 0.74% 1.38% 1.59% 0.53% 0.43% 5.87%
W 1.25% 1.33% 1.86% 1.55% 0.26% 0.03% 6.29%

NW 1.03% 0.55% 0.80% 1.99% 1.14% 1.63% 7.14%

Sub-Total: 9.31% 12.74% 18.17% 22.66% 12.83% 24.10% 99.83%
Calms (<0.5m/s): 0.17%
Total: 100.00%

(Percent)

Speed (m/s)

Frequency Distribution
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Table 3-9.  Quarter A Wind Rose Analysis Table (RM Young) 
 

Station ID: Pebble 4 (RM Young) Run ID: Quarter A
Start Date: January 1, 2007 End Date: March 31, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 0.88% 3.62% 6.13% 10.96% 8.04% 18.63% 48.26%
NE 1.86% 2.79% 1.58% 2.51% 0.84% 1.02% 10.59%
E 1.11% 0.84% 0.93% 1.58% 2.04% 8.31% 14.82%

SE 1.49% 1.90% 1.35% 1.95% 2.00% 6.27% 14.96%
S 1.02% 0.14% 0.09% 0.14% 0.05% 0.09% 1.53%

SW 0.79% 0.00% 0.09% 0.37% 0.28% 0.56% 2.09%
W 0.88% 0.33% 0.56% 0.42% 0.00% 0.00% 2.18%

NW 0.65% 0.19% 0.42% 1.77% 1.25% 1.11% 5.39%

Sub-Total: 8.69% 9.80% 11.15% 19.69% 14.49% 36.00% 99.81%
Calms (<0.5m/s): 0.18%
Total: 100.00%

Frequency Distribution
(Percent)

Speed (m/s)

 
 

Table 3-10.  Quarter B Wind Rose Analysis Table (RM Young) 
 

Station ID: Pebble 4 (RM Young) Run ID: Quarter B
Start Date: April 1, 2007 End Date: June 30, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 1.33% 2.98% 2.93% 3.48% 2.24% 0.37% 13.32%
NE 0.96% 0.96% 1.01% 1.14% 0.87% 1.47% 6.41%
E 0.87% 1.37% 3.57% 6.59% 4.44% 6.91% 23.76%

SE 2.15% 4.30% 6.46% 8.75% 5.13% 4.30% 31.09%
S 1.05% 1.74% 2.20% 0.41% 0.00% 0.00% 5.40%

SW 1.47% 1.01% 2.01% 1.51% 0.37% 0.05% 6.41%
W 1.47% 2.01% 3.02% 1.88% 0.14% 0.05% 8.56%

NW 1.42% 0.82% 0.92% 0.92% 0.69% 0.14% 4.90%

Sub-Total: 10.71% 15.20% 22.12% 24.68% 13.87% 13.28% 99.86%
Calms (<0.5m/s): 0.14%
Total: 100.00%

Frequency Distribution
(Percent)

Speed (m/s)
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Table 3-11.  Quarter C Wind Rose Analysis Table (RM Young) 
 

Station ID: Pebble 4 (RM Young) Run ID: Quarter C
Start Date: July 1, 2007 End Date: September 30, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 1.72% 2.72% 4.08% 3.26% 1.31% 0.41% 13.51%
NE 0.50% 1.72% 1.09% 1.09% 0.45% 0.05% 4.90%
E 0.95% 1.54% 1.54% 2.90% 1.59% 6.30% 14.82%

SE 2.09% 4.94% 7.84% 7.12% 3.40% 3.17% 28.56%
S 1.36% 1.72% 2.40% 1.99% 0.00% 0.05% 7.52%

SW 1.90% 1.63% 2.54% 3.13% 1.13% 0.95% 11.29%
W 1.90% 2.54% 3.31% 3.35% 0.45% 0.09% 11.65%

NW 1.00% 0.63% 1.13% 2.58% 1.31% 0.82% 7.48%

Sub-Total: 11.42% 17.45% 23.93% 25.43% 9.66% 11.83% 99.73%
Calms (<0.5m/s): 0.27%
Total: 100.00%

Frequency Distribution
(Percent)

Speed (m/s)

 
 

Table 3-12.  Quarter D Wind Rose Analysis Table (RM Young) 
 
Station ID: Pebble 4 (RM Young) Run ID: Quarter D
Start Date: October 1, 2007 End Date: December 31, 2007

Direction 0.5 -  2.1 2.1 -  3.6 3.6 -  5.7 5.7 -  8.8 8.8 - 11.1 >= 11.1 Total

N 1.09% 2.67% 6.75% 7.02% 2.63% 9.79% 29.95%
NE 0.77% 2.58% 2.45% 1.54% 1.00% 0.77% 9.11%
E 0.73% 0.41% 1.72% 5.12% 5.26% 14.95% 28.18%

SE 0.91% 1.04% 1.72% 1.99% 2.13% 5.21% 13.00%
S 0.54% 0.50% 0.59% 0.59% 0.27% 0.14% 2.63%

SW 0.63% 0.32% 0.86% 1.31% 0.32% 0.18% 3.62%
W 0.73% 0.41% 0.54% 0.54% 0.45% 0.00% 2.67%

NW 1.04% 0.54% 0.73% 2.67% 1.31% 4.44% 10.74%

Sub-Total: 6.43% 8.47% 15.36% 20.80% 13.37% 35.48% 99.91%
Calms (<0.5m/s): 0.09%
Total: 100.00%

Frequency Distribution
(Percent)

Speed (m/s)
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Figure 3-4.  2007 Wind Rose Superimposed on Site Map 
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3.2.2 Temperature Climatology 
 
Tables 3-13 and 3-14 provides maximum and minimum daily mean temperatures, 
monthly mean temperatures, and maximum and minimum hourly average temperatures 
for the 2-meter and 10-meter temperature measurements, respectively.  Hourly average 
temperatures at the Pebble 4 station ranged from 23.0°C on August 12, 2007 to -31.1°C 
on January 7, 2007.  January 7, 2007 was also the coldest day at the Pebble 1 
meteorological station.  The average 2-meter temperature during the monitoring year 
was 0.0°C, which is slightly less than the mean temperature of 1.78°C observed at the 
Iliamna airport during the same time span. 
 
Figure 3-5 provides a graph of the 2-meter and 10-meter hourly average temperatures.  
There was considerable monthly temperature variation throughout the late-autumn and 
winter months.  The coldest temperatures were observed during January 2007.  Figure 
3-5 also includes a plot of average daily temperatures recorded at the Iliamna Airport 
meteorological monitoring station. 
 
Figure 3-6 is a plot of the vertical temperature difference (the difference between 10-m 
and 2-m temperature values) during the monitoring year.  The greatest positive vertical 
temperature difference was 2.8°C measured on January 4, 2007.  The greatest negative 
vertical temperature difference was -1.7°C measured on July 28, 2007.



Hoefler Consulting Group         

Pebble Project Page 34 of 44 2007 Annual Data Report 
Meteorological Monitoring Program  Pebble 4 

Table 3-13.  2-Meter Temperature Summary 
 

Period 
Maximum Daily 

Mean 
Temperature (°C) 

Minimum Daily 
Mean 

Temperature (°C) 

Monthly Mean 
Temperature (°C) 

Maximum 
Temperature (°C) 

Minimum 
Temperature (°C)

January 2007 2.8 -30.1 -11.7 5.4 -31.1 

February 2007 1.9 -21.2 -7.5 5.5 -24.3 

March 2007 -1.3 -25.4 -15.2 1.7 -27.9 

Quarter A 2.8 -30.1 -11.4 5.5 -31.1 
April 2007 5.8 -1.1 1.3 9.9 -4.3 

May 2007 7.1 1.2 4.6 11.7 -0.8 

June 2007 17.4 5.4 9.0 22.5 1.7 

Quarter B 17.4 -1.1 5.0 22.5 -4.3 
July 2007 17.5 7.2 11.6 22.6 6.4 

August 2007 17.7 8.7 11.8 23.0 7.2 

September 2007 10.8 3.9 7.5 14.7 2.2 

Quarter C 17.7 3.9 10.3 23.0 2.2 
October 2007 4.2 -5.1 -1.0 6.4 -7.5 

November 2007 4.5 -14.7 -2.0 5.5 -16.5 

December 2007 0.7 -24.7 -8.0 2.3 -25.9 

Quarter D 4.5 -24.7 -3.7 6.4 -25.9 
Monitoring Year 17.7 -30.1 0.0 23.0 -31.1 
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Table 3-14.  10-Meter Temperature Summary 
 

Period 
Maximum Daily 

Mean 
Temperature (°C) 

Minimum Daily 
Mean 

Temperature (°C) 

Monthly Mean 
Temperature (°C) 

Maximum 
Temperature (°C) 

Minimum 
Temperature (°C)

January 2007 3.0 -30.0 -11.3 5.9 -30.9 

February 2007 2.1 -21.1 -7.3 6.1 -24.2 

March 2007 -0.8 -25.7 -15.1 1.2 -27.9 

Quarter A 3.0 -30.0 -11.2 6.1 -30.9 
April 2007 6.1 -1.1 1.4 9.7 -4.2 

May 2007 7.0 1.1 4.4 11.1 -0.9 

June 2007 17.0 5.1 8.7 21.3 2.3 

Quarter B 17.0 -1.1 4.9 21.3 -4.2 
July 2007 17.5 7.0 11.4 21.7 6.6 

August 2007 17.5 8.5 11.7 22.2 7.0 

September 2007 10.9 3.8 7.5 14.2 2.2 

Quarter C 17.5 3.8 10.2 22.2 2.2 
October 2007 4.1 -5.2 -0.8 6.1 -7.5 

November 2007 4.5 -14.7 -2.0 5.5 -16.4 

December 2007 1.1 -24.4 -7.8 2.4 -25.6 

Quarter D 4.5 -24.4 -3.6 6.1 -25.6 
Monitoring Year 17.5 -30.0 0.0 22.2 -30.9 



Hoefler Consulting Group         

Pebble Project Page 36 of 44 2007 Annual Data Report 
Meteorological Monitoring Program  Pebble 4 

-40

-30

-20

-10

0

10

20

30

1-Jan-07

1-Feb-07

4-Mar-07

4-Apr-07

5-May-07

5-Jun-07

6-Jul-07

6-Aug-07

6-Sep-07

7-Oct-07

7-Nov-07

8-Dec-07

Date

Te
m

pe
ra

tu
re

 (d
eg

 C
)

 2-m Temperature
10-m Temperature
Iliamna

Figure 3-5.  Hourly Average 2-Meter and 10-Meter Temperatures 
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Figure 3-6.  Hourly Average Vertical Temperature Difference 
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3.3.3 Other Meteorological Parameters 
 
Other measured meteorological parameters include relative humidity, barometric 
pressure, solar radiation, precipitation, and evaporation. 
 
Table 3-15 provides a summary of the relative humidity, barometric pressure, and solar 
radiation at the Pebble 4 station during the 2007 monitoring year.   
 
Figure 3-7 is a plot of the annual hourly average relative humidity.  The mean relative 
humidity at the Pebble 4 station was 82.8 percent.  The minimum relative humidity was 
27.1 percent, measured on March 31, 2007.  The mean relative humidity at the Iliamna 
Airport meteorological station for the monitoring period was 75.5 percent. 
 
Figure 3-8 is a plot of the annual hourly instantaneous barometric pressure.  Barometric 
pressure varied from a minimum of 923 mb on October 30, 2007 to a maximum of 987 
mb observed on March 31, 2007.  The mean barometric pressure during the monitoring 
year was 961 mb.  The mean barometric pressure at the Iliamna Airport meteorological 
station for the monitoring period was 1,007 mb. 
 
Figure 3-9 is a plot of the annual hourly average solar radiation.  The maximum hourly 
average solar radiation was 910 W/m2 recorded on June 18, 2007.  The mean hourly 
average solar radiation for the monitoring year was 98 W/m2. 
 
Figure 3-10 is a graph of total daily precipitation and the cumulative precipitation during 
the 2007 monitoring year.  The highest total daily precipitation was 42.8 mm measured 
on September 18, 2007.  The maximum monthly precipitation was 310.2 mm during 
September 2007.  The cumulative precipitation during the monitoring year was 877.2 
mm.  Daily winter precipitation data (October through April) should be closely examined 
before use because snowfall adaptors may influence daily totals. 
 
A table of total daily evaporation is provided in Appendix D.  The maximum total monthly 
evaporation at the Pebble 4 station was 89.8 mm during June 2007.   
 
Comprehensive hourly data tables of temperature, vertical temperature difference, wind 
speed, wind direction, wind sigma, relative humidity, barometric pressure, and solar 
radiation are also provided in Appendix D. 
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Table 3-15. Relative Humidity, Barometric Pressure, and Solar Radiation Summary 
 

Period 

Mean 
Relative 
Humidity

(%) 

Minimum 
Relative 
Humidity

(%) 

Mean 
Barometric 
Pressure 

(mb) 

Minimum 
Barometric 
Pressure 

(mb) 

Maximum 
Barometric 
Pressure 

(mb) 

Mean 
Solar 

Radiation
(W/m^2) 

Maximum 
Solar 

Radiation
(W/m^2) 

January 2007 86.2 45.9 957 929 985 17.1 188.0 

February 2007 79.9 41.8 963 944 983 54.4 398.6 

March 2007 66.2 27.1 962 928 987 138.4 595.8 

Quarter A 77.4 27.1 960 928 987 70.5 595.8 
April 2007 79.7 35.3 956 927 985 151.3 733.0 

May 2007 78.5 40.6 967 957 976 182.2 841.0 

June 2007 78.6 31.1 968 954 981 196.6 910.0 

Quarter B 79.0 31.1 964 927 985 176.8 910.0 
July 2007 82.9 44.0 969 961 977 157.3 796.0 

August 2007 84.4 36.9 970 950 983 129.4 796.0 

September 2007 91.6 51.3 963 943 975 65.8 614.4 

Quarter C 86.2 36.9 967 943 983 118.1 796.0 
October 2007 87.2 50.9 954 923 974 51.2 398.8 

November 2007 90.7 49.3 952 928 983 18.6 256.0 

December 2007 88.0 38.4 955 935 975 10.8 130.5 

Quarter D 88.6 38.4 954 923 983 26.9 398.8 
Monitoring Year 82.8 27.1 961 923 987 98.0 910.0 
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Figure 3-7. Hourly Average Relative Humidity 
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Figure 3-8.  Barometric Pressure 
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Figure 3-9.  Hourly Average Solar Radiation 
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Figure 3-10.  Hourly and Cumulative Precipitation 
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Appendix A 
 

Data Processing Specifications  
and Statistical Formulae 



A.1 Data Recovery Percentage 
 
Data completeness for meteorological monitoring methods was calculated 
assuming a minimum of 90 percent valid hourly average data to calculate 
quarterly average data completeness and a minimum of 90 percent quarterly 
data completeness for four consecutive quarters. 
 
Quarterly data completeness (DCi) was determined using the following equation: 
 

DCi = hv/hi x100 
 
Where: hv = number of hours of valid data actually collected 

hi = number of possible valid hours of data collection during the 
monitoring period 



 

 
Table A-1.  Station Performance Summary – Data Recovery 2007 

Period 
Meteorological Parameters

2-m 
Temp 

10-m 
Temp Δ T 

WS 
(CLM)1

WD 
(CLM) 

Sigma
(CLM) 

WS 
(RMY)2 

WD 
(RMY) 

Sigma 
(RMY) RH Solar BP Precip Evap 

Jan 2007 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 99.2% 100% 100% 100% 99.5% 0% 

Feb 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99.7% 0% 

Mar 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 

Quarter A 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 99.7% 100% 100% 100% 99.7% 0% 

Apr 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 

May 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99.6% 95.3% 

June 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Quarter B 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 99.9% 65.4% 

July 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Aug 2007 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Sept 2007 99.6% 99.6% 21.8% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% 98.5% 99.6% 

Quarter C 99.9% 99.9% 74.5% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.9% 99.5% 99.9% 

Oct 2007 100% 100% 0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 16% 

Nov 2007 100% 100% 0% 97.2% 100% 100% 99.9% 99.9% 99.9% 100% 100% 100% 100% 0% 

Dec 2007 100% 100% 0% 95.0% 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 

Quarter D 100% 100% 0% 97.4% 100% 100% 100% 100% 100% 100% 100% 100% 100% 5% 

Monitoring Year 99.9% 99.9% 68.3% 99.2% 99.9% 99.9% 99.9% 99.9% 99.9% 100% 100% 100% 99.8% 99.9% 
1CLM = Climatronics wind speed and wind direction sensor. 
2RMY = R.M. Young wind speed and wind direction sensor. 
3  Evaporation  gauge decommissioned for winter.  Gauge operated May 2 through October 5, 2007 

4  The Climatronics wind speed sensor was affected by icing during Quarter D.  The R.M. Young wind speed sensor will be used to achieve the required data 
capture requirement of 90% or greater per monitoring quarter. 



 

 
A.2 Data Bias Correction Using Calibration Information 
 
Not Applicable. 
 
 
A.3 Estimation of Pasquill-Gifford Stability Categories 
 
Not Applicable. 
 
 



 
 
 
 
 
 
 
 
 
 
 

Appendix B 
 

Precision Data 
 

Not Applicable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 

Appendix C 
 

Accuracy Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 





















































































































































































































































































































































































































































































































































































































































 
 
 
 
 
 
 
 
 
 
 

Appendix E 
 

Validated Manual Particulate Data 
 

Not Applicable. 
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